Japanese Senno strains have a high ornamental value like other Lychnis species, they have not yet been utilized as cross breeding material, probably due to their rarity and sterility.
Embryo, ovule, and immature seed cultures have been successfully applied to produce interspecific or intergeneric hybrids in various ornamental plants such as Lilium species (Asano 1978 (Asano , 1980 , Cyclamen species (Ishizaka 1997) , Primula species (Kato and Mii 2000; Amano et al. 2006; Hayashi et al. 2007a, b) , Cosmos species (Oku et al. 2008) , and Colchicaceous plants (Amano et al. 2007) . Although all the Japanese Senno strains previously found are triploid, they had relatively high pollen fertility (about 70%) as assessed with acetocarmine staining and sometimes produced a few seeds by artificial self-pollination (Godo et al. 2004b ). In the present study, we examined the production of interspecific hybrids between triploid Senno and allied Lychnis taxa utilizing an aseptic immature seed culture 
Materials and methods

Plant materials
The strain MS (Godo et al. 2000) of Senno (2nϭ36) and other ). Immature seed-derived plantlets were maintained and propagated by subculturing nodal segments every 3-4 months on half-strength MS medium without any PGRs under the same conditions as the immature seed culture.
RAPD analysis and chromosome observation
Isolation of total genomic DNA from leaves and RAPD analysis were performed according to Amano et al. (2007) . For RAPD analysis, three sets of DNA Oligomer (12) Set, C43, G64, and G81 (Wako Pure Chemical Industries, Ltd., Osaka, Japan) were tested. PCR amplification reactions contained 100 ng of template DNA, 0.5 mM of each primer, 200 mM of a dNTP mixture, 1ϫTaq DNA polymerase reaction buffer, and 0.5 U of Taq DNA polymerase (Takara Bio, Inc., Shiga, Japan) in a final volume of 20 ml. DNA fragments were amplified using the GeneAmp PCR System 2400 (PerkinElmer, Inc., MA, USA) or DNA Engine OPTICON System (Bio Rad Laboratories, Inc., CA USA) by repeating 45 cycles of the following thermal treatments: 94°C for 1 min, 40°C for 1 min, and 72°C for 1 min. Amplified products were analyzed by electrophoresis in a 1.7% (w/v) agarose gel.
For chromosome observation, fresh root tips (5 mm in length) of in vitro plantlets were pretreated with 0.5 g l Ϫ1 colchicine for 6 h at 20°C and fixed with Farmer's fluid (1 : 3 mixture of glacial acetic acid and ethanol, v/v) for over 24 h at 5°C. The fixed root tips were macerated in a mixture of 1N HCl and 45% acetic acid (1 : 1, v/v) for 15 s at 60°C, and the meristematic region of the root was stained with 1% acetoorcein. Chromosome preparation was made by the squashing method.
Results and discussion
Immature seeds were obtained from all cross combinations expect for L. coronataϫL. senno ( When the immature seeds obtained were subjected to in vitro culture, seed germination was observed 3 days to 2 months after culture initiation. There was no effect of the period from pollination to fruit harvest on seed germination. Although a promotive effect of BA has been reported on the growth and development of cultured embryos of Lilium japonicum (Furuya and Hosoki 2005) , no apparent effect of BA on seed germination was observed in the present study. In L. sennoϫL. miqueliana, no seed germination was observed, although, relatively, many immature seeds were obtained in both 2002 and 2003. Thus, there may be no correlation between the number of immature seeds per fruit and the seed germination frequency. Finally, seed germination was observed only in three cross combinations, L. sennoϫL. kiusiana, L. kiusianaϫL. senno, and L. sennoϫL. sieboldii (Table 2 ).
In the crosses of L. sennoϫL. kiusiana and L. kiusianaϫL. senno, a total of 26 and 10 immature seeds germinated, respectively. However, most seedlings showed a chlorophyll-deficient, xantha phenotype ( Figure 1A ) or an abnormal morphology and subsequently died. Ultimately, 14 and 10 xantha plantlets derived from independent immature seeds were obtained in L. sennoϫL. kiusiana and L. kiusianaϫL. senno, respectively. RAPD analysis was performed to confirm the hybridity of these plantlets (Figure 2) . A clear polymorphism in the RAPD profile was obtained between L. senno and L. kiusiana using the primers C43 and G64. All the plantlets analyzed showed RAPD profiles containing only pollen parent-specific amplified fragments for the primer C43 (data not shown) and those containing both seed parent-specific and pollen parentspecific amplified fragments for the primer G64 ( Figure  2 ). Thus, these plantlets were verified as hybrids between L. senno and L. kiusiana. Leaves of these hybrid plantlets often turned yellowish green during subculture using a medium without PGRs, but the plantlets did not develop into normal green plantlets even after 2.5 years of subculture. Chlorophylldeficiency has also been reported in interspecific hybrids of Trifoliun (Sawai et al. 1990 ), Zantedeschia (Yao et al. 1994) , and Rhododendron (Ureshino et al. 1999; Miyajima 2002, Michishita et al. 2002) . This phenomenon may be caused by plastome-genome incompatibility between the nuclear genome of the pollen parent and the plastome of the seed parent (Kirk and Tilney-Bassett 1978; Yao et al. 1994; Ureshino et al. 1999) . In some cases, hybrid chlorophyll-deficiency that resulted from the plastome-genome incompatibility could be overcome by reciprocal crossing. Such a phenomenon, unidirectional plastome-genome incompatibility, was observed in interspecific hybrids between Zantedeschia odorata and Z. aethiopica (Yao et al. 1995) and between Nierembergia scoparia and N. caerulea (unpublished data). In the present study, regrettably, chlorophyll-deficiency was observed in seedlings derived from both L. sennoϫL. kiusiana and L. kiusianaϫL. senno. It is difficult to breed new cultivars by cross hybridization between these two species.
T. Godo et al. In the cross of L. sennoϫL. sieboldii, a total of 11 immature seeds germinated and, ultimately, 2 plantlets were obtained from independent immature seeds. Although leaves of one plantlet were green ( Figure 1B) , the other plantlet showed chlorophyll-deficiency. RAPD analysis was performed to confirm the hybridity of the green plantlet. A clear polymorphism was obtained in the RAPD profile between L. senno and L. sieboldii using the primer G81. The green plantlet showed RAPD profiles containing both seed parent-specific and pollen parent-specific amplified fragments (Figure 3) , and thus this plantlet was verified as a hybrid between L. senno and L. sieboldii. The chromosome number of the hybrid plantlet between L. senno and L. sieboldii was determined to be 2nϭ32 (Figure 4) . The chromosomes of the hybrid were assumed to consist of 12 normal haploid chromosomes of L. sieboldii (2nϭ24) and 20 chromosomes of triploid L. senno (2nϭ36). Japanese triploid Senno strains sometimes produced a few seeds after artificial self-pollination (Godo et al. 2004b) , and progenies obtained from these seeds were aneuploid with 2nϭ24-44 (unpublished data) suggesting that they produced male and/or female gametes containing chromosomes of irregular numbers such as 20. This result shows the possibility of using triploid Senno for breeding by interspecific hybridization. In vitro propagation and acclimatization of the hybrid between L. senno and L. sieboldii obtained in the present study are now in progress.
The genus Lychnis, containing many species with beautiful flowers, is a valuable group for ornamental use, and various cultivars have been bred mainly by intraspecific hybridization in this genus. Although Senno strains cultivated in Japan also have a high ornamental value, they have not yet been used as a cross breeding material due to their triploid property. The present study showed that interspecific hybrids between triploid Senno and allied species could be obtained by in vitro immature seed culture. For practical breeding of Lychnis species, it is necessary to establish more efficient methods for rescuing interspecific hybrids in Lychnis. Genetic distances among taxa in Lychnis should also be studied by cytological and molecular genetic approaches. 
